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(54) Bending machine 

(57) It is described a tube b-anding machine having 
a supporting frame (2) on which a tube to be bent (4) is 
disposed. Right and left forming dies (7, 8) act on the 
tube (4). A bending tool (9) moved by a rocking arm (21) 
carries out bending of the tube a round the forming dies. 



The bending tool (9) is also radially movable close to 
and away from the forming dies, to perform a controlled 
and precise tube bending. 
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bending machine in accordance with the present 
invention; 

Fig. 4 is a diagrammatic perspective view of the 
machine shown in Fig. 3; 

Fig. 5 is a diagrammatic viev/ of a portion relative to 
grip means of the tube bending machine of the 
invention. 

[001 7] With reference to the dr swings, a tube bending 
machine, particularly intended for carrying out right and 
left bends in accordance with the present invention, has 
been generally identified by reference numeral 1. 
[0018] The tube bending mac line 1 has a fixed sup- 
porting frame 2 above which grip means 3 for holding at 
least one tube to be bent 4 operates. The grip means 3 
usually consists of a chuck 5 mo /able by translation rel- 
ative to the supporting frame in % direction 6 parallel to 
the longitudinal axis of the tubn 4 to be submitted to 
processing. 

[001 9] In this way the grip mee ns is capable of ensur- 
ing a desired axial positioning of the tube 4 on the sup- 
porting frame 2. in particular Native to the first and 
second forming dies. 7 and 8, operatively associated 
with a front head 2a of the supporting frame itself. 
[0020] These forming dies 7 and 8 are disposed in 
mutual side by side relationship and are active on the 
tube for executing right or (eft bends, as better 
described in detail in the following. 
[0021] Practically, tube 4 extends between the first 
and second lorming dies disposed in mutual side by 
side relationship and is bent around the first one or sec- 
ond one of these dies, depending on whether right or 
left bends respectively are wished to be made. 
[0022] In order to carry out bending of the tube, dose 
to the forming dies 7 and 8 a bending tool 9 is present 
which consists of a roller for exjtmple or a small pulley 
selectively cooperating with the irst one or second one 
of the forming dies. 

[0023] The bending tool 9 is connected with the sup- 
porting frame upon interposition of movement means 
10 enabling the bending tool to be moved relative to the 

forming dies. 

[0024] In detail , the movement means 1 0 comprises a 
first movement member 11 moving the bending tool 9 
along a curved trajectory for can ying out bending of the 
tube around the first or second forming dies. 
10025) The first movement member 1 1 is preferably 
made up of a rocking arm in engagement with the sup- 
porting frame for oscillation around a rotation axis 11 a 
transverse, and preferably vertical, to the longitudinal 
axis of the tube extending at an intermediate position 
between the two forming dies 7 and 8. 
[0026] More specifically, the rotation axis 1 1a around 
which arm 1 1 oscillates extends in a vertical symmetry 
plane of the first forming die with respect to the second 
one. 

[00271 In this manner, the bending centre of the 
curved trajectory described by fhe bending tool is sub- 



stantially at an intermediate position between the two 
forming dies. 

[0028] In an original manner, the movement means 1 0 
also comprises a second movement member 12 capa- 
£ ble of moving the bending tool 9 close to and away from 
the forming dies along directions transverse to said 
dies. 

[0029] Practically, the second movement member 12 
comprises a slide 13 mounted on the rocking arm 11 
io and connected to the bending tool in a kinematic man- 
ner. 

[0030] This slide receives action from a first actuator 
member 1 4, a fluid-operated cylinder or an electric step- 
per motor for example, which is also carried by the rock- 

is ing arm 1 1 and is capable of moving the slide away from 
and close to the forming dies 7 and 8 along said trans- 
verse directions; as can be viewed from the depicted 
examples, slide 13 moves radially relative to the forming 
dies 7 and 8 and carries out a translation relative to arm 

20 11, so as to modify the distance between the bending 
tool 9 and the forming die intended for use. 
[0031] Advantageously, the first actuator member 14 
is managed by a control unit 15 controlling the actuator 
itself in such a manner that a plurality of positions are 

2S determined for the bending tool 9 relative to the forming 
dies along said directions. 

[0032] Practically, the bending tool will be able to take 
the desired distance from the active profile of the form- 
ing die being used. 

30 [0033] Still more advantageously, the control unit 15 
will be able to act on the actuator member and continu- 
ously modify the bending tool position along said trans- 
verse directions, i.e. it will be able to carry out a radial 
movement of roller 9 close to or away from the active 

35 profile of the forming die being used, as bending goes 
on. 

[0034] In other words, the control unit is operatively 
active both on the first actuator member 14 and the 
actuator member (not shown) causing rotation of arm 
40 11, carrying out control of the radial position of the 
bending tool or roller 9 according to the parameters set 
by the user during the whole bending operation, i.e. dur- 
ing rotation of the rocking arm around the forming die 
being used. 

45 [0035] It is to note that the movement means further 
comprises a third member 16 which too is operatively 
interposed between the fixed frame 2 and the bending 
tool 9 and, in the embodiment shown in Fig. 1 , is carried 
by the rocking arm 1 1 . 

so [0036] In more detail, in this case, the third movement 
member 16 is interposed between the slide 13 and the 
bending tool 9 and moves the latter up and down rela- 
tive to the forming dies. 

[0037] This movement in combination with the move- 
55 ment imparted by the rocking arm, enables the bending 
tool to be moved to the right or to the left of the tube, in 
order to make this tool cooperate with either of the form- 
ing dies, depending on requirements. 
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the roller or bending tool 9 which sets itself to the right 
or to the left of the tube to be bent, depending on the 
required type of bending. 

[0062] Subsequently, moverrent of the rocking arm 
combined with that of the first a :tuator leads the bend- 
ing tool to carry out the desired trajectory around the 
forming die being used. 

[0063] It is to note that at eatf angular position of the 
rocking arm 1 1 . the radial di$tan:e between forming die 
and bending tool can be continuously adjusted, due to 
the presence of the first actuatoi 14 and the control unit 
1 5. thereby achieving a great accuracy in the tube bend- 
ing. 

[0064] When a first bend has been executed, the grip 
chuck makes the tube to be be* it move forward and/or 
rotate around its own axis. 

[0065] Then, there is a new positioning of the bending 
tool or roller 9 to the right or to t ie left of the tube to be 
processed and afterwards a nev/ movement both of the 
rocking arm 1 1 and of the first actuator 14. 
[0066] If one or more bends an wi6hed to be made by 
using the auxiliary forming die p-esent at the chuck, the 
forming dies 7. 8 are opened wide, by virtue of the aux- 
iliary movement unit, and the bonding tool or roller are 
brought close to and in cooperation with said auxiliary 
forming die 24. 

[00671 The invention achieves important advantages. 
[0068] Firstly, the tube bending machine in reference 
enables bends to the right and to the left to be made 
with an accuracy never reached until now, because not 
only it is possible to optimize the distance Of the bending 
tool from the forming dies depending on the sizes of 
said dies and the typology of th-3 tube to be bent, but it 
is also possible to continuously adjust the radial dis- 
tance of the bending tool from 'tie forming dies during 
the whole bending step. i.e. during the angular move- 
ment of the rocking arm. 

[00691 Due to the possibility of making the bending 
tool move forward relative to the forming dies, bends of 
180 and more degrees can be easily obtained without 
problems arising in terms of effort concentrations or 
local material unstabilization because the whole bend- 
ing step is controlled in a very p ecise manner. 
[0070] As already said, it hi also possible to take 
advantage of an auxiliary forming die positioned at the 
chuck, which not only offers the possibility of bends hav- 
ing a differentiated diameter a* compared with that of 
the first and second forming die*, but also enables con- 
secutive connections to be msde at a short distance 
from each other, if desired. 

[0071] If a head movable in one or two directions is 
provided, the whole apparatus may be adapted for 
working with forming dies having differentiated radii and 
carrying out loading and unloading operations in an 
independent manner. 

[0072] Finally, due to the movement possibilities given 
to the different parts of the marine and the operating 
flexibility of the machine itself, end due to the presence 



of the control unit capable of managing the movement 
means, the auxiliary movement unit and also the dis- 
placements of the bending head, if the latter is present, 
any type of bending process can be optimized in the 
s best manner. 

Claims 



1 . A tube bending machine, comprising: 

- a fixed supporting frame (2) ; 

- grip means (3) for holding at least one tube to 
be bent (4), which means is mounted on the 
supporting frame and is movable relative to the 
latter for ensuring a desired axial positioning of 
the tube with respect to the supporting frame 
itself; 

at least one first and one second forming dies 
(7 and 8) operatively associated with the sup- 
porting frame and disposed in mutual side by 
side relationship, and defining respective bend- 
ing axes parallel to each other: 
a bending tool (9) active on said tube and 
selectively cooperating with the first one or sec- 
ond one of said forming dies (7. 8) to make 
right or left bends on said tube, respectively: 
• movement means (10) for the bending tool (9), 
which means is operatively Interposed 
between the bending tool and the supporting 
frame (2) for moving the bending tool between 
at least one cooperating condition with said first 
forming die (7) and at (east one cooperating 
condition with said second forming die (8); 

- said movement means in turn comprising a first 
movement member (1 1) for making the bend- 
ing tool describe a curved trajectory so as to 
carry out bending of the tube around one of 
said forming dies. 

characterized in that said movement means 
further comprises a second movement mem- 
ber (12) for moving said bending tool close to 
and away from the forming dies (7, 8) along 
directions transverse to said dies. 



45 2. A tube bending machine as claimed in claim 1, 
characterized in that the first movement member 
(1 1) comprises a rocking arm in engagement with 
the supporting frame (2) around a rotation axis (12) 
transverse to the longitudinal axis of the tube and 

so preferably substantially vertical. 

3. A tube bending machine as daimed in anyone of 
the preceding claims, characterized in that the sec- 
ond movement member (12) comprises: 

at least one slide (1 3) associated with said first 
movement member (11) and arranged for car- 
rying the bending tool (9); 
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Description 

[0001 ] The present invention relates to a tube bending 
machine. In particular, the tube bending machine being 
the object of the invention is intended for bending tubes 
into right or left bends, due to the presence of a roller or 
movable bending tool capabl e of setting itself to the right 
or to the left of the tube before the beginning of each 
bending operation. 

[O0O2] It is known that tube bending machines 
intended for making right and left bends on one and the 
same tube are generally employed for accomplishing 
articles such as coils and the like These machines are 
provided with a fixed supporting frame on which a chuck 
for gripping the tube to be bent slides. The chuck is gen- 
erally movable along the longitudinal axis of the tube for 
positioning a front portion thereof to the desired region 
where the bending tools operate. 
[0003] In fact, it should be noted that usually at a front 
or head region of the fixed frame, a first and a second 
forming dies disposed close to each other are present, 
as well as a bending tool carried by a rocking arm capa- 
ble of performing curved trajectories around either of 
said first and second forming dies, depending on 
whether right or left bends are wished to be made. 
[0004] In more detail, the bending tool usually consists 
of a roller which, if a right bend is wished to be made, is 
positioned to the left of the tube to be bent and there- 
fore, through a movement of the rocking arm carrying 
the roller itself, said roller performs a curved trajectory 
around the right forming die leading the tube to undergo 
a deformation according to a shape almost similar to 
that of the throat present in the forming die. 
[0005] if a subsequent left bend is wished to be made, 
the bending tool or roller will have to step over the tube 
going to the right of the latter, and then to carry out a 
curved trajectory around the left forming die in the same 
manner as previously described. Between two subse- 
quent bends the chuck carried by the supporting frame 
will execute the necessary axial displacements. 
[0006] This type of apparatus has found wide consent 
on the market in that it enables tubes even provided with 
many right and left bends alternated with each other to 
be obtained in a very short period of time without requir- 
ing that the tube to be bent should be set in rotation 
around its own axis; it should be noted in this connec- 
tion that a 180° rotation of the tube around its own axis 
may be difficult, above all as the tube bending goes on, 
due to the possbility of interferences between the 
already bent tube portion and the machine body, which 
greatly restrains the operating flexibility of the manufac- 
turing machine taken as a whole. 
[0007] In spite of that, it is however to note that tube 
bending machines for right and left bends of the above 
described type have proved not to be devoid of draw- 
backs as well. 

[0008] In fact, since the bending roller is in engage- 
ment with a rocking arm oscillating around a vertical 



axis usually disposed in a symmetry plane between the 
axes of each of the right and left forming dies, and since 
the roller is located at some distance from the forming 
dies themselves, the tube defcmation cannot be pre- 
5 cise and cannot follow the shap 9 of the forming die in a 
controlled manner. 

[0009] Actually, the obtained bends are close to the 
shape of the throat present in thu forming dies only in an 
approximate manner. 

W [0010] Since precision in bene Is is poor, it is also nec- 
essary that some distance should be ensured between 
one bend and the next one, which makes it substantially 
impossible to carry out immediately consecutive bends 
or bends close to connecting regions. 

is [001 1 ] Beside the above, it is also to point out that the 
distance between the bending roller and forming die 
makes it practically impossible to carry out bends at 
angles close to or higher than 180* without inevitably 
obtaining poor results in terms of quality and without 

20 interfering with other parts of th< i machine at the back of 
the bending head. 

[0012] In addition to being inaccurate, a bend 
obtained with the traditional systems, on the other hand, 
is the result of optimizing the bending roller position rel- 

2$ ative to the forming dies: this optimization is usually car- 
ried out depending on the die diameter, the section and 
material of the tube to be bent. 
[0013] This involves that, by positioning the roller or 
bending tool at a fixed distance from the forming dies. 

3(7 obviously, an always optimised bend cannot be 
obtained upon variation of- the forming die and/or the 
tube typology. 

[0014] In the light of the above, it is a fundamental 
object of the present invention to accomplish a tube 
35 bending machine, particularly Intended for making con- 
secutive right and left bends, capable of operating in a 
very precise manner, even wh.sn 180 or more degree 
bends are to be executed. 

[001 5] it is a further object of the invention to provide 
40 a tube bending machine capable of being always opti- 
mized even when operations with forming dies of differ- 
entiated radial sizes or with tubes of differentiated 
materials and/or sections are executed. 
[001 6] Further features and i idvantages will become 
45 more apparent from the detail ad description of some 
preferred, non-exclusive embodiments of a tube bend- 
ing machine in accordance with the invention. This 
description will be taken hereinafter with reference to 
the accompanying drawings, gi/en by way of non-limit- 
50 ing example, in which: 

Fig. 1 is a diagrammatic pl&n view of a front portion 
relative to a tube bending machine in accordance 
with the invention; 
55 - Fig. 2 is a side view partly >n section relative to the 
machine portion shown in Hg. 1 ; 
Fig. 3 is a side view partly in section similar to Fig. 
2 showing a possible alternative solution of a tube 
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[0038] The third movement member 16 comprises a 
second actuator member 17 active on a drive linkage 
18, in turn arranged for moving the banding tool along a 
curved trajectory, preferably lying in a vertical plane. 
[0039] It is to note that in the accompanying Figs. 2 
and 3 the vertical curved trajectory of the roller has a 
concavity turned towards the front region of the 
machine; however, this curved trajectory can obviously 
have its concavity turned in the opposite way, i.e. 
towards the rear region of the machine. 
[0040] As viewed from Fig. 2. the second actuator 
member 17 and drive linkage 18 are carried by the mov- 
ing-along slide mounted on the rocking arm 1 1 . 
[0041] As shown In the alternative embodiment dia- 
grammatically illustrated in Fig. 4, it is to note that the 
forming dies 7 and 8. bending tool 9 and movement 
means 10 can be carried by a true bending head 19 
which is movable relative to the fixed supporting frame. 
[0042] In particular, as shown in Fig. 4, the bending 
head 19 is mounted on the supporting frame 2 close to 
a front end of said frame, upon interposition of intercon- 
necting means 20 enabling the head to be displaced in 
at least one first auxiliary direction 21 transverse to the 
longitudinal axis of the tube to be bent. 
[0043] in particular, this first auxiliary direction 21 is 
preferably vertical, so that a displacement of the forming 
dies 7, 8 in this direction may be enabled. 
[0044] In this case use of forming dies comprising a 
first and a second forming element 7a, 7b; 8a, 8b will be 
possible, which elements are superposed on each 
other, as shown in the example in Fig. 4. 
[0045] Typically, the first and second forming elements 
7a, 7b; 8a f 8b may have bending radii differentiated 
from each other so that the machine 1 can automatically 
carry out bending operations following different radii. 
[0046] It is apparent that forming dies having more 
than two superposed elements can be also provided, 
that is forming dies with three, four, five or more super- 
posed elements, depending on requirements. 
[0047] The vertical travel of head 1 9 along direction 21 
is required to be adequate, i.e. depending on the neces- 
sary displacements for selecting each of the super- 
posed elements of dies 7 and 8. 
[0048] It is to note that, in order to enable disengage- 
ment of the tube from the forming dies disposed mutu- 
ally in side by side relationship, an auxiliary movement 
unh 22 Is provided which is carried either by the bending 
head or directly by the supporting frame and Is active on 
the forming dies for moving them from a condition in 
which they are close to the tube to be bent, to a condi- 
tion in which they are spaced apart from the tube to be 
bent (shown in chain line in Fig. 1) and vice versa. 
[0049] Preferably, the interconnecting means 20 
between the bending head and fixed frame can be in a 
position to also enable a displacement of the head itself 
along a second auxiiary direction 23 transverse to the 
longitudinal axis of the tube to be bent and transverse to 
said first auxiliary direction 21 . 
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[0050] Generally the interconnecting means between 
head and frame, enabling the h<ad to move along said 
first and second transverse directions, consists of 
respective slides and actuator members (not shown). 
s [0051 ] It is to note that the control unit 1 5 is pref erably 
connected to each of the actuator members intended for 
carrying out the above described movements of head 
19, tool 9, dies 7 and 8 in such a manner that the 
machine freedom degrees are coordinated in accord- 
to ance with the program 6et by tN> user. 

[0052] Should the bending hsad be movable in two 
directions, it is clear that the head itself, taken as a 
whole, can act as a handling me nber for picking up and 
laying down the tube from and into loading and unload- 
15 ing stations respectively, typically located close to the 
tube bending machine. 

[0053] Finally, due to the fact that the bending tool 9 
can move radially close to and away from the forming 
dies, said grip means 3 may be provided to comprise an 

20 end portion defining an auxiliary forming die 24. 

[0054] In this case the second movement member is 
capable of carrying out such a travel that the bending 
tool 9 is brought to cooperate with the auxiliary forming 
die 24, in a condition in which the forming dies 7 and 8 

2S are spaced apart from the tube 1 o be bent 

[0055] In other words, the auxiliary movement unit 22 
can be operated for opening the first and second form- 
ing dies wide and enabling a mc vement of the bending 
tool 9 until the grip means so as to carry out bending of 

so the tube around the auxiliary foi ming tool 24 that, typi- 
cally, will have a differentiated shape and/or diameter 
relative to those of the forming dies. 
[0056] Preferably the auxiliary forming tool has a very 
reduced bending radius and is employed every time 

3S bends of small radius or consea itJve bends where each 
bend is provided to be very cloise to the next adjacent 
one are required to be made. 
[0057] Still with reference to the grip means 3, it is to 
note that chuck 5, in addition to t eing movable along the 

40 longitudinal axis of the tube to be: bent, may be also pro- 
vided with means for setting the tube in rotation around 
said longitudinal axis, in order the give the machine 
more operating flexibility and tha capability of carrying 
out even urrf lat bends. 

45 [0058] Operation of a tut» bending machine in 
accordance with the invention, described above mainly 
as regards structure, is as folio* s. 
[0059] Once the tube to be bent has been conven- 
iently positioned on the grip chuck 5, the latter brings a 

so front portion of tha tube close to the pair of forming dies 
7 and 8 that at a first moment arc open wide and spaced 
apart from each other. 

[0060] Due to the intervention of the auxiliary move- 
ment unit 22, the forming dies are moved close to each 
55 other and brought close to the ti be, once the latter has 
reached the desired axial positicn. 
[0061] When these operations have been completed, 
the movement means 10 carricis out displacement of 
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• a first actuator member (14) also carried by 
said first movement member (1 1) and active on 
said slide so as to move the latter close to and 
away from the forming dies along said trans- 
verse directions; s 
at least one control unit (15) active at least on 
said first actuator member to determine a plu- 
rality of positions of the bending tool (9) relative 

to the forming dies along said transverse direc- 
tions. 10 

4. A tube bending machine as claimed in claim 3, 
characterized in that the control unit (15) is active 
on the first actuator member (14) to continuously 
adjust the position of the bending tool relative to the is 
forming dies along said transverse directions. 

5- A tube bending machine as claimed in anyone of 
the preceding claims, characterized in that the 
movement means (1 0) also comprises a third mem- 20 
ber (16) which too is operativeiy interposed 
between the fixed frame (2) and the bending tool (9) 
to move the latter up and down relative to said form- 
ing dies (7, 8). 

25 

6. A tube bending machine as claimed in claim 5, 
characterized in that said third movement member 
(16) comprises a second actuator member (17) 
active on a drive linkage (18) in turn arranged for 
moving the bending tool along a curved trajectory, 30 
said second actuator and drive linkage being in turn 
carried by the first movement member (11). 

7, A tube bending machine as claimed in anyone of 

the preceding claims, characterized in that it com- ss 
prises: 

a bending head (19) associated with the sup- 
porting frame (2) and arranged to carry said 
forming dies (7 and 8), bending tool (9) and 40 
movement means (10); 

• interconnecting means (20) between the bend- 
ing head and the supporting frame to enable a 
displacement of the head in at least one first 
auxiliary direction (21 ) transverse to the axis of *s 
the tube to be bent, said forming dies compris- 
ing at least one first and at least one second 
forming elements (7a, 7b; 8a, 8b) superposed 

on each other. 

50 

B. A tube bending machine as claimed in claim 7, 
characterized in that said first and second forming 
elements (7a. 7b; 8a, 8b) have respective bending 
radii differentiated from each other. 

55 

9- A tube bending machine as claimed in claim 7, 
characterized in that the interconnecting means 
(20) between the head (1 9) and frame (2) enables a 



displacement of the head itsslf also along a second 
auxiliary direction (23) trans /erse to said first auxil- 
iary direction (21) and to the longitudinal axis of the 
tube to be bent. 

10. A tube bending machine as claimed in claims 1 or 
7, characterized in that it emprises an auxiliary 
movement unit (22) carried by said bending head 
(19) or said supporting tramo (2) to move them from 
a condition in which they are close to said tube to 
be bent (4) to a condition in which they are spaced 
apart from said tube to be bent. 

11. A tube bending machine as claimed in daim 10, 
characterized in that said grip means (5) comprises 
an end portion defining an auxiliary forming die 
(24), said second movement member (12) being 
capable of bringing the bending tool to cooperate 
with the auxiliary forming di<: in a condition in which 
said tube to be bent is moved apart from said form- 
ing dies. 
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